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Radar se ts  are f in e  d ev ic es  excep t f o r  two un fortunate 
fa c t s :  (X ) P r a c t ic a l ly  a l l  t h e ir  output is  n o is e , and
(2 )  Su ccess ive samples o f  data from  the same reg io n
in  space are separated by lon g  s tre tch es  o f  ir r e le v a n t  
data «
The g r e a te s t  problem  occurs in  the search  f o r  ta r g e ts «
A t y p ic a l  radar s e t  w i l l  put out 1*000,000 b i t s  per second, o f  
which a v e ry  sm all number, perhaps no more than 10 b it s  per 
second are u se fu l s ig n a ls «  The problem o f  the d e te c t io n  o f  
these few s ign a ls  in  lon g  s tre tch es  o f  n o is e  is  the problem o f  
s ig n a l d e te c t io n . MTI is  a s p e c ia l case o f  s ig n a l d e te c t io n «
Here moving ta rg e ts  are embedded in  therm al n o ise  and a lso  in  
ground c lu t t e r  w ith  a n o ise  spectrum c h a ra c te r is t ic  o f  the 
c lu t t e r «
In  o rder to  determ ine the b es t method o f  a cqu ir in g  
s ig n a ls  in  lon g  s tre tch es  o f  n o is e , one must f i r s t  determ ine 
the c o s t  o f  a s ig n a l miss and the c o s t  o f  a fa ls e  alarm « These 
two d i f f e r e n t  kinds o f  e rro rs  can have ve ry  d i f f e r e n t  consequences• 
In  gen era l the fa ls e  alarm ra te  must be ve ry  low  due to  the 
abundance o f  n o ise  in fo rm ation « Most o f  the c e l l s  con ta in  o n ly  
n o ise  (by  a c e l l  we mean an area  one pu lse len g th  in  radius 
and one beamwidth in  a n g le ) .  The importance o f  the f a ls e  alarm 
p r o b a b i l i t y  and s ig n a l d e te c t io n  p r o b a b i l i t y  is  not always 
r e a l iz e d .  Both o f  these terms must be s p e c i f ie d  b e fo re  the 
d e t e c t a b i l i t y  o f  ta rg e ts  under some g iv e n  con d ition s  can be
This paper was presen ted  a t  the MTI Symposium o f  the O f f ic e  o f  
Naval Research February 28 & 29# 1952«
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describ ed  unambiguously» A c tu a lly  much con fusion  is  caused 
by measuring the a b i l i t y  o f  a radar s e t  to  d e te c t  s ign a ls  but 
n ot measuring the fa ls e  alarm ra te  as w e ll*
The problem  o f  s ig n a l d e te c t io n  is  a s p e c ia l type 
o f  computation p rocess» and thus is  a f i e l d  where h igh  speed 
computers cou ld  be app lied* F i r s t ,  o f  course, one must have 
a l l  the n o ise  c h a r a c te r is t ic s ,  and a l l  o f  the s ig n a l ch a ra c ter­
i s t i c s  in c lu d in g  the expected du ration  o f  the s ig n a l*  One a ls o  
should have knowledge o f  the s to rage  ca p a c ity  th a t is  a v a ila b le  
in  the coxi5>uter* This is  a c ru c ia l  l im ita t io n  on any o p e ra tio n . 
A lso  one must f in d  the b e s t method o f  making the computations 
to  determ ine the presence o f  a s ig n a l.  I t  is  o f  course obvious 
th a t some methods are b e t t e r  than o th e rs , depending upon the 
nature o f  the s ig n a l i t s e l f *  In  g en e ra l, In  MTI op era tion s  the 
frequency c h a ra c te r is t ic s  o f  the s ig n a l should be always In ­
cluded In  the computation because th is  is  an Im portant ch aracter 
I s t i c  which se ts  a s ig n a l apart from n o is e . When le s s  than 
10 h it s  on a ta r g e t  occur in  one azimuth scan, the dopp ler 
frequency is  p o o r ly  d e fin ed  and i t s  measurement may add l i t t l e  
i f  anything to  s ig n a l d e t e c t a b i l i t y *  Note th a t the data Is  
in se rted  in to  the computer in  " r e a l ” tim e* This is  duo to  the 
p h ys ica l laws obeyed by the f l y in g  pu lse o f  the radar s e t  
scanning through space. Because o f  t h is ,  s ign a ls  from  any 
g iv en  ta r g e t  are not rec e iv ed  in  sequence* I f  100 h i t s ,  f o r  
example, a re  expected on a ta r g e t  in  one pass w ith  the radar 
beam, the da ta  from  th a t p a r t ic u la r  t a r g e t  Is  spread ou t over
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100 recu rrence p e r io d s . The fa i lu r e  o f  the data  to  a r r iv e  In  
sequence is  one o f  the sources o f  d i f f i c u l t y  in  MTI. Thus# 
the in form ation  has to  be s to red  u n t i l  computation processes 
can be undertaken. The re s u lts  o f  th is  computation op era tion  
have to  come out aga in  in to  the world o f  " r e a l ” tim e, where 
human beings make d e c is io n s , but I t  Is  im portant to  note th a t 
the computation op era tion  i t s e l f  does n o t have to  be done in  
o rd in ary  tim e . I t  can be done a t  any a tta in a b le  speed. The 
methods o f  h igh  speed computation can in  p r in c ip le  be employed 
to  advantage in  s o lv in g  the problem  r a p id ly .
L e t  us examine the sequence in  which da ta  is  re c e iv ed  
in  a radar s e t .  F i r s t ,  one re c e iv e s  say , 100 samples from any 
g iv e n  t a r g e t .  These a l l  como during one pass w ith  the scanning 
beam, and occur in  a sm all f r a c t io n  o f  a second. Then there  is  
a gap in  tim e u n t i l  the radar beam comes around to  th a t re g io n  
o f  space aga in . This gap m ight be s e v e ra l seconds in  duration® 
One ge ts  another group o f  samples from th is  p a r t ic u la r  ta r g e t  
o r  c lu t t e r  and then a f t e r  another w a it  f o r  the scan p er iod  to  
be completed the area  is  aga in  observed . This process goes on 
f o r  the du ra tion  o f  a s ig n a l.  The s ig n a l may move from  one 
c e l l  in  space to  another, but some o f  i t s  c h a r a c te r is t ic s ,  such 
as i t s  v e lo c i t y ,  are o fte n  continued.
I f  we examine a t y p ic a l  radar s e t  we observe th a t the 
s ig n a l d e te c t io n  process proceeds as fo l lo w s :
1 . S torage o f  raw da ta
2. Computation on the b as is  o f  these data
3 . A b s tra c t the re s u lts  o f  these computations and 
s to re  these re s u lts  on the second s tage  o f  s to rage
nnmxcaznmxoJL
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I|.o Compute on the basis  o f  these re su lts
5>. S tore  the new re s u lts  on the th ird  stage o f  
s to ra g e , etc©
F in a l ly  a t  some l e v e l  one g e ts  a d e f in i t e  answer upon 
which some a c t io n  is  based© However, the s ig n a l d e te c t io n  
process must be drawn out© Now the reason i t  is  drawn ou t is  
th a t the data  a r r iv e s  p iecem ea l, and the process has to  match 
th is  p h ys ica l fact©
How fa r  the h e ira rch y  o f  s to ra ge  and computation 
goes depends on the p a r t ic u la r  radar s e t  and a lso  i t s  app lica tion©
L et us consid er now the example o f  a pu lse to  pu lse  
su b trac tion  MTI system© The f i r s t  l e v e l  o f  s to ra ge  is  in  the 
d e la y  l in e  where one t r a in  o f  v id eo  s ign a ls  is  stored© The 
f i r s t  computation is  a s in g le  su b trac tion  between the s to red  
t r a in  o f  v id eo  s ig n a ls  and the cu rren t t r a in  o f  s ig n a ls , 
fo llo w e d  by f u l l  wave r e c t i f i c a t i o n  which takes the abso lu te 
va lu e o f  the d iffe ren ce©  This op era tion  throws away the common 
parts  o f  the s ig n a l v o lta g e ,  which may con ta in  some u se fu l 
inform ation© The second s ta ge  o f  s to ra ge  is  the p e r s is te n t  
screen  o f  a cathode ray  tube d is p la y . Here the abso lu te va lu e  
o f  the d i f fe r e n c e  vo lta g es  are s to red , but u su a lly  th ere is  not 
enough angular r e s o lu t io n  to  d is ce rn  by v is u a l in sp ec tio n  the 
dopp ler frequency p resen t in  the m odulation . A d is p la y  such as 
the dopp le r B-scope describ ed  by Dr. Lyman* can under some 
con d ition s  show th is  modulation©
«■ CSL R eport 15*
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Tho second l e v e l  o f  computation co n s is ts  in  a scanning
op era tion  w ith  the eye« The eye in te g ra te s  the s ig n a ls  on the 
su rfa ce  o f  a tube and determ ines the presence o f  a strong  
s ig n a l in  the n o ise  caused by im p erfec t c a n c e lla t io n  o f  the 
ground c lu t t e r *  The eye in te g ra te s  the In te n s ity  o f  a re g io n  
and makes the Judgment as to  whether o r  not a s ig n a l i s  th ere* 
O ften , however, one is  not c e r ta in  th a t a s ig n a l is  p resen t so 
one r e g is t e r s  the f a c t  th a t i t  was p o s s ib le  th a t a s ig n a l e x is ts  
a t  a p a r t ic u la r  p o in t*  This in troduces the th ird  s ta ge  o f  
s to ra ge  which is  the human b ra in * When the suspected area  is  
aga in  illu m in a ted  by the scanning beam o f  the rad a r, i t  is  
s c ru t in iz e d  perhaps w ith  more ca re  than i t  o therw ise would be* 
Th is p robab ly  is  eq u iva len t to  the red u ction  o f  a th resh o ld  
l e v e l *  The computation op e ra tion , th e r e fo r e ,  th at fo llo w s  the 
th ird  s to rage  l e v e l  is  the comparison o f  one scan w ith  the n ext* 
The comparison is  between the p resen t PP I d is p la y  and the memory 
o f  the appearance o f  the d is p la y  on the la s t  scan*
the b ra in  and eye in  in te g ra t in g  from  scan to  scan is  the 
consequence o f  lo ok in g  more c a r e fu l ly  a t the area on a cathode 
ray  tube where a ta r g e t  is  suspected* Does th is  cause the 
th resho ld  to  be reduced, and does i t  r a is e  the th resh o ld  e ls e ­
where? Does th is  technique a c tu a lly  improve the s ig n a l d e te c t ­
a b i l i t y ,  o r  i s  i t  on ly  a consequence o f  the hab its  o f  the radar 
op era tor?
An In te r e s t in g  qu estion  proposed by the op era tion  o f
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We s h a ll  now examine the S in u fly  system describ ed  
by Dr* Lyman from the same p o in t o f  v iew  as we have been d is ­
cussing the pu lse  to  pu lse su b trac tion  MTI* The f i r s t  l e v e l  
o f  s to ra ge  is  id e a l ly  the e n t ir e  output o f  the radar f o r  the 
e n t ir e  100 h its  on the ta r g e t *  L e t  us suppose furtherm ore th a t 
th ere  are 100 range b ins in  which a ta r g e t  cou ld  occur* Thus 
we have a r a s te r  o f  100 by 100 c e l l s  w ith  the in te n s ity  o f  the 
radar v id eo  recorded in  each c e l l  w ith  as many d is t in c t  le v e ls  
as p o s s ib le ,  say 20* This rep resen ts  a h igh  s to ra ge  ca p a c ity *  
I f  i t  can be a tta in ed  i t  w i l l  be v e ry  u s e fu l. Note th a t the 
data  p rocess in g  f o r  the d e te c t io n  o f  th is  s ig n a l does not beg in  
u n t i l  the f u l l  100 h its  on the ta r g e t  a t  any g iv en  range have 
been sto red * Consequently, to  the ex ten t th a t the s to ra ge  is  
adequate, no In fo rm ation  is  d iscarded  u n t i l  the data  p rocess in g  
beg ins* The read -ou t f l y in g  spot analyzes each in t e r v a l  In  
sequence and determ ines In  which ones I t  is  most l i k e l y  th a t a 
s ig n a l occu rred . The f i r s t  s tage o f  computation Is  perform ed 
by an analog computer in  which a bank o f  frequency f i l t e r s  
examine the data  f o r  any one o f  lj.0 o r  so d i f f e r e n t  s ig n a l 
fre q u en c ies . These frequency f i l t e r s  are fo llo w e d  by an 
in te g ra to r  w ith  a time constan t which matches in  du ration  the 
expected d u ra tion  o f  the s ig n a l.
As in  the case o f  the pu lse  to  pu lse su b trac tion  MTI 
the second stage  o f  s to rage  13 in  the p e rs is ta n t  screen  o f  the 
d is p la y  cathode ray  tube. Id e a l ly ,  one should record  the 
p a r t ic u la r  f i l t e r  which alarmed in  any c e l l .  A lso  one would
-if- C.S.  L - v-epo + t  iS
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l ik e  to  3to re  the in te n s ity  w ith  which i t  alarmed. This e x tra c ts  
from  the computation more in fo rm ation  than a s in g le  yes o r  no. 
Take one c e l l  in  space, fo r  example, where 100 h its  had occurred 
on a t a r g e t .  On the next r o ta t io n ,  i f  the ta r g e t  has an approx­
im a te ly  constan t v e lo c i t y ,  the same c e l l  in  space o r  an ad jacen t 
one a t le a s t  would alarm  the same frequency f i l t e r  as the one 
whioh alarmed on the f i r s t  r o ta t io n .  I f ,  however, the s ig n a l 
observed during the f i r s t  scan was a fa ls e  alarm due to some 
spurious c r e s t  o f  n o is e , then the second time a f i l t e r  alarmed 
in  th a t area one would, In  g en e ra l, expect an alarm  a t  a d i f f e r e n t  
frequ en cy . Thus, the re c o rd in g -o f frequency in fo rm ation  should 
g r e a t ly  improve the r e je c t io n  o f  fa ls e  alarm s, and consequently  
improve s ig n a l d e t e c t a b i l i t y .
The second computation p rocess , as f o r  the case o f  
the p rev iou s system , is  the eye scanning the d is p la y  and look in g  
fo r  a s ig n a l which occurs in  some c o l l ,  vie are faced  w ith  a 
d i f f i c u l t  s to rage  problem . There may be l tA  c e l l s  be ing scanned 
by the rad ar, and in  each c e l l  we want to  put the in te n s ity  o f  
the alarm  plus some in d ic a t io n  o f  i t s  frequ en cy . Perhaps one 
could make a system using c o lo r .  The c o lo r  o f  the spot on the 
d is p la y  tube would In d ica te  the frequency o f  the f i l t e r  whioh 
caused th a t spot to occur, and the in te n s ity  o f  the spot would 
be p ro p o r tio n a l to  the s tren g th  o f  which the f i l t e r  system 
alarmed. Consequently n o ise  would cause random alarm ing o f  a l l  
the d i f f e r e n t  f i l t e r s ,  and would appear g ray , whereas any oonstant 
v e lo o i t y  ta r g e t  would appear in  a p a r t ic u la r  c o lo r ,  c h a ra c te r is t ic  
o f  i t s  p a r t ic u la r  frequ ency . Perhaps 6 d is t in c t  c o lo rs  would be
16-7CONFIDENTIAL
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prov ided  on a cathode ray  tube and th is  would a t le a s t  g iv e  s ix  
frequency reg ion s  in  which a ta r g e t  cou ld be lo c a te d . The 
f e a s i b i l i t y  o f  such a system would depend upon the a v a i la b i l i t y  
o f  p e r s is te n t  cathode ray tube screens on which the c o lo r  could 
be c o n tro lle d  e ith e r  w ith  a mechanical system o r  e le c t r o n ic  
system. In  any case the computation by which the eye and b ra in  
processes the data s to red  on the d is p la y  tube would be g r e a t ly  
a ided i f  bo th  the in te n s ity  and the frequency o f  the alarming, 
f i l t e r s  were recorded .
The eye scanning the d is p la y  tube, plus the memory 
o f  p reviou s scans, perform  s im ila r  computing fu n ction s  as In  
the pu lse to  pu lse su b trac tion  system.
We note that the improved d e t e c t a b i l i t y  consequent 
to  c o l le c t in g  many samples b e fo re  p rocess in g , w i l l ,  under some 
co n d it io n s , r e s u lt  in  a d isadvan tage. This is  the qu an tiz in g  
o r  g ran u la tion  o f  the azimuth da ta , which occurs I f  one s to res  
the data In  one beam w idth  s e c t io n s , a r b i t r a r i ly  s e le c te d . I f  
one wishes to  have the computer ob ta in  accurate azimuth p o s it io n  
by b is e c t in g  an echo, the s ig n a l w i l l  have to be con s id erab ly  
above th resh o ld , more tiian one beam w id th  must be stored  a t 
one tim e, and more e la b o ra te  p rocess in g  is  necessary. I f  the 
In te n s it ie s  o f  the two parts  o f  the s ig n a l are la rg e  enough 
compared to  the n o is e , i t  w i l l  be p o ss ib le  to  ob ta in  reasonab le 
accuracy in  judging the cen te r  p o in t. However, i f  a s ig n a l Is  
ju s t  b a re ly  p e roop ta b le , then a l l  the samples are needed to  
m erely id e n t i f y  i t ,  and azimuth in fo rm ation  more p re c is e  than 




W© can summarize the r e s u lts  o f  the above con s id er­
a tion s  as fo l lo w s ;
A. S to re  the raw data  u n t i l  a l l  the r e le v a n t  data  has been 
c o l le c t e d  o r  u n t i l  the f i r s t  l e v e l  o f  s to rage  is  com­
p le t e ly  f u l l *  In  p ra c t ic e  i t  is  th is  l a t t e r  l im ita t io n  
th a t occurs* This s itu a t io n  leads to  an h ie ra rch y  o f  
s to ra ge  u n its  and computer u n its*
B* S ta r t  con fu tin g  as la t e  as p o s s ib le ,  i f  the computing 
op era tion  throws away data* The throw ing away o f  input 
data  must reduce s ig n a l d e t e c t a b i l i t y  i f  th ere  Is  any 
chance th a t the d iscarded  data  conta ined  any in form ation  
about the s ign a l#  When t¡mowing away in fo rm ation  one 
is  n ever sure th a t one Is  r e a l l y  throw ing away on ly  
n o is e , The weaker the s ig n a l,  the le s s  c e r ta in  i t  is  
th a t the data be in g  thrown out a f t e r  p rocess in g  is  
r e a l l y  n o ise  data* The la r g e r  the number o f  sau ries  
c o l le c t e d  b e fo re  p rocess in g , the more r e l ia b le  i s  the 
d is t in c t io n  between s ign a l and n o is e , and the le s s  
l i k e l y  one is  to throw away s ig n a l in form ation#
C* Good computation processes makes use o f  ev e ry  known 
fe a tu re  o f  the s ig n a l which can d is t in g u is h  i t  from  
the no ise* An exairple is  the unique, o r n e a r ly  unique, 
dopp ler frequency o f  moving ta rgets#
Do Computation based on s to red  data  need not proceed In  
r e a l  time# I t  can be a cce le ra ted  g r e a t ly  whenever 
computer techniques perm it. The development o f  s p e c ia l
CONFIDENTIAL 16-9




h igh  speed computers f o r  the d e te c t io n  o f  s ig n a l in  
n o ise  is  a p o s s ib i l i t y .
The answers o r r e s u lts  from  any computation op era tion  
should con ta in  as many b it s  o f  in fo rm ation  as is  p o s s ib le , 
l im ite d  on ly  by the ca p a c ity  o f  the next s to rage  l e v e l «
In  des ign in g  a data  p rocess in g  system , the c o s t  o f  the 
two kinds o f  e r r o r s ,  namely s ig n a l m isses, and fa ls e  
alarms must be considered a t  each s tage  o f  computation 
and s to ra ge «
In  p resen tin g  abstrac ted  data  to  a s in g le  human being 
one should not exceed the in fo rm ation  r e c e iv in g  ca p a c ity  
o f  the in d iv id u a l. Dr« Henry Q u astler o f  the C ontro l 
Systems Laboratory estim ates^  th a t an average human 
be ing can r e c e iv e  in fo rm ation  thru  e ith e r  the audio 
o r  v is u a l channels a t  a maximum ra te  o f  approxim ately  
e ig h t  b it s  per second« Thus, a good computing system 
w i l l  not demand performance from  the observer u n t i l  
the in form ation  ra te  is  low enough to  be e f f i c i e n t l y  
comphehended •
One f in a l  remark« One m ight ask the qu estion , Why 
keep f ig h t in g  to  d is c o v e r  s ign a ls  p r a c t ic a l ly  lo s t  in  noise? 
Why not put the e f f o r t  on in p rov in g  o r rep la c in g  the o r ig in a l  
d e te c t io n  equipment? I t  is  c le a r  th a t rem oval o f  "man-made 
n o is e ” such as scanning n o ise  o r  a irp la n e  v e lo c i t y  n o ise  by
**■ CSL Report 1-3$
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ingen ious schemes suoh as we have heard about today are v e ry  
prom ising d ir e c t io n s  fo r  im proving MTI* L e t us suppose th a t 
these d ev ices  have been ex p lo ite d  to  the f u l l .  However, i f  
h is to r y  is  v in d ica ted  we w i l l  always d is co v e r  that the m il i t a r y  
demand f o r  performance w i l l  always exceed, a t  le a s t  f o r  some 
a p p lic a t io n s , the actu a l perform ance o f  the equipment* There­
fo r e  any improvement in  the s ig n a l d e t e c t a b i l i t y  by means o f  
data  p rocess in g  w i l l  always be welcomed p ro v id in g  i t  is  not 
too expensive* So, a f t e r  a l l  the improvements have been made, 
th ere  w i l l  l i k e l y  be some a p p lica tion s  where we f in d  ou rse lves  
r ig h t  back in  n o is e , and have to  p u ll  the s ig n a ls  out by some 
more o r  le s s  e la b o ra te  opera tion * I t  seems th a t the s ig n a l and 
n o ise  problem is  here to s ta y , and th ere  is  a need f o r  h igh  
c a p a c ity , f l e x i b l e ,  s to rage systems, accompanied by h igh  speed 
computer u n its , e ith e r  analog o r  d i g i t a l .  He a lso  need a 
con tinu ing study o f  s ig n a l and n o ise  c h a ra c te r is t ic s  which perm it 
the d es ign  o f  the b es t p o s s ib le  o r  b es t p r a c t ic a l  computer 
d e v ic e .
